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Giventhe broadnessof the subject,

this will be an overviewof some selectedtopics.

Apologizesif some interestingtopics(and references) will not be 
covered.
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Baryogenesisin a nutshell

Violationof BaryonNumber(B);

Violationof C and CP;

Departurefrom Thermal Equilibrium
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Necessaryrequirements

Dynamicalmechanismfor the generation of the matter-antimatterasymmetry(BAU) in the 
primordialUniverse
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A.D. SakharovPismaZh.Eksp.Teor.Fiz. 5 (1967)32-35,JETP 
Lett.5 (1967)24-27,Sov.Phys.Usp. 34(1991)5, 392-393

Planck Collaboration, arXiv:1807.06209



Baryogenesis
Leptogenesis: First dynamicalgeneration of a lepton
asymmetry. Conversion of the lepton asymmetryinto a baryon
asymmetry, e.g. by B-L Sphalerons. 

Direct Baryogenesis: mechanismwhichcreateddynamically
a baryon-antibaryonasymmetry.
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The Standard Model cannotsuccesfullyaccount for the BAU. Weneedto look for Physicsbeyondthe Standard 
Model. 
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State(s) generatingthe asymmetrye.g. 
out-of-equilibriumdecayingheavy 
neutrino
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Detailsof the system dependon the 
specificmodel

Source
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N Leptogenesis

Experimentaltests
e.g: 

NeutrinolessDouble-beta decay
Searchesof extra neutrinos
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Connection with other observables

Mechanismfor generation of neutrino mass.

(Originalidea from M. Fukugidaand T. YanagidaPhys. Lett. 
B174 (1986) 45-47)

Leptogenesisrequiresviolationof 
the leptonnumber(LNV)



GeV

ὓ

100 GeV ρπGeV ρπGeV

Leptogenesisfrom 
Oscillations(ARS)

ResonantLeptogenesis

1 TeV

Thermal Leptogenesis
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Leptogenesisfrom LPV 
decayof the Higgs

Searchesin Low energy 
experiments

LHC Possibleconnection with low energy phases.

Leptonnumberviolatingprocesses

Asaka, Eijima, Ishida, 1112.5565
Asaka, Shaposhinokov, 0505013
Akhmedov, Rubakov, Smirnov 9803255

T. Hambyeand D. Teresi arXiv:1606.00017 

Eijima, Shaposhnikov1703.06085
Eijima, Shaposhnikov, Timiryasov1808.10833

A. Pilaftisand T. E. J. UnderwoodNucl. Phys. B692, 303 (2004) 
A. Abada, H. Aissaoui, M. Losada0406304

M. Fukugidaand T. YanagidaPhys. Lett. B174 (1986) 45-47
W. Buchmuller, P. Di Bari, M. PlumacherarXiv:0401240
R. Barbiere, P. Creminelli, A. Strumia, N. Tetradis
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Case of study: interaction responsibleof 
asymmetrygeneration associatedto 
right-handed(sterile) neutrinosinvolved
in the mass generation of active
neutrinos.

Examplesof other possibilities(not exhaustivelist):

L. Covi, E. Roulet, F. Vissani 9605319
S. Antush, S. F. King 0405093
L. Boubekeur, T. Hambye, G. Senjanovic0404038 
T. Hallgren, T. Konstandin, T. Ohlson0710.2408
T. Hambye1212.2888
T. Rink, W. Rodejohann, K. Schmitz2006.03021
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Out-of-equilibrium(L-violating) decaysof right-handed
neutrinosproducedin the EarlyUniverse. CP-asymmetry
generatedby interferencebetweentree leveland loop 
diagrams.

Asymmetrygenerated
by CP-violating
oscillationbetween
extra neutrinosand 
activeneutrinos

L-violatingdecaysof the Higgs



ARS Leptogenesis
A.Abada, G.A., V. Domcke, M. Lucente 1709.00415
G. Ghiglieri, M. Laine1703.06087, 1811.09171
Hernandez, Kekic, Lopez-Pavon, Racker, Salvado1606.06719
A. Abada, G.A., V. Domcke, M. Lucente 1507.06215
Canetti, Drewes, Fossard, Shaposhnikov1208.4607
Asaka, Eijima, Ishida, 1112.5565
Asaka, Shaposhinokov, 0505013
Akhmedov, Rubakov, Smirnov 9803255

Right-handedneutrinos
thermallyproducedin Early
Universewith CP-violating
oscillations.

Asymmetryconverted
into asymmetrybetween
activeflavors

Convertedinto baryon
asymmetryby Sphalerons

Asymmetryin the activesectoractsasbackground potential
and enhancesthe asymmetryin the RH sector
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(AhkmedovRubakovSmirnov)
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Limits on Light Extra Neutrinos

A. Atre, T. Han, S. Pascoli, B. Zhang 0901.3589
E.J. Chun et al, arXiv:1711:02865
A. Abada, C. Hati, X. Marcano, A. M. Texeira, arXiv:1904.05367

ARS Leptogenesisrequiresextra neutrinosto be at most
asheavy asfew tensof GeV. 

Possibilityof testsfrom low energy experiments.
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Chrzaszczet al: 1908.02302
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E.J. Chun et al, arXiv:1711.02865
M. Drewes, B.Garbrecht, D.Gueter, J. Klaric1609.09609

P. Hernandez, M. Kekic, J. Lopez-Pavon, J. Racker, J. Salvado1606.06719

Type-I See-saw

The minimalrealizationof the ARS mechanismrequiresa pair of almostmass degenerate heavy (asopposedto activeneutrinos) 
neutrinos. 

L. Canetti, M. Drewes, T. Frossard, M. Shaposhnikov1208.4607



Inverse See-Saw

Linear+InverseSee-Saw
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A. Abada, G.A., V. Domcke, M. Lucente 1507.06215

A. Abada, G.A., V. Domcke, M. Lucente 1709.00415

In linear+inverseSee-sawheavy neutrinosare pseudo-dirac
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IncludingLNV decaysof the Higgs

T. Hambyeand D. Teresi arXiv:1606.00017 

N ’

+

(Seealso
Eijima, Shaposhnikov1703.06085
Eijima, Shaposhnikov, Timiryasov

1808.10833)

Leptogenesisfrom: Oscillations LNV Decays



A. Abada, G.A., V. Domcke, M. Drewes, J. Klaric, M. Lucente
arXiv: 1810.12463
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ARS Leptogenesis from 3 heavy neutrinos
Degeneracyremovedfor leptogenesisfrom 3 (or more) neutrinos.
(Drewesand Garbrecht, arXiv:1206.5537
P.Hernandez,M. Kekic, J.Lopez-Pavon, J.Racker, N.Ruis1508.03676)

ὓ ὋὩὠ



Leptogenesis in low scale See-sawmodels isverypromisingfor the 
varietyof experimentaltests.

[ŜǘΩǎnow considersome intermediate scale scenariosρπ ὋὩὠ.

Giorgio Arcadi                                                                                         NEUTRINO Conference 24-06-2020                                                                            



Giorgio Arcadi                                                                                         NEUTRINO Conference 24-06-2020                                                                            

TeVscaleLeptogenesis in L-R model

See-saw basedon ὛὟς ὛὟς Ὗρ

P.S. B. Dev, C. Lee, R. Mohapatra1503.04970
(SeealsoA. Abada, P. Hosteins, F. Josse-Michaux, S. Lavignac
0808.2058)
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Type-I See-saw. 

Inverse See-saw+LinearSee-saw

A. Das, P. S. B. Dev, R. Mohapatra, arXiv:1709.06553
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Test mass degeneracythroughchargeasymmetriesin ὡ decays.

P.S.B. Dev, R. Mohapatra, Y. Zhang, 1904.04787


